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ALKENE OLIGOMERIZATION PROCESS. 

The invention relates to processes for the selective 
oligomerization of alkenes having from 3 to 6 carbon atoms into 
certain oligomers. It also relates to products obtained by these 
processes. 

Higher alkenes are intermediate products in the manufacture 
of hydrocarbon solvents, higher alcohols, aldehydes and acids. 
They are typically produced by oligomerization of feedstreams 
containing alkenes with 2 to 12 carbon atoms by contacting the 
feedstream with an oligomerization catalyst. Solid phosphoric acid 
(SPA) has been widely used for this purpose. However, SPA 
produces significant amounts of undesired cracked products, it 
cannot be regenerated and has to be disposed of when its activity is 
no longer satisfactory. 

Various zeolites have been proposed as an alternative to SPA 
as oligomerization catalysts. For example, US 4,517,399 reports an 
olefin oligomerization process in which a feedstock containing 
olefins is passed over a ZSM-5 zeolite catalyst. Conditions typically 
reported are temperatures of \77*C to 343°C, pressures of 100 to 
5000 psig (about 0.7 MPa to 34.5 MPa) and weight hourly space 
velocities (WHSV) of 0.1 to 10 weight/weight.hour. US 5,571,768, 
US 5,612,270, US 5,552,357, US 5,525,104 and US 5,610,112 
indicate the use of selectivated forms of ZSM-5 and of other zeolites 
having a constraint index from 1 to 12, namely, ZSM-1 1, ZSM-12, 
ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-50 and ZSM-57 in olefin 
oligomerization under the same conditions, 

WO 93/ 16020 discloses an alkene oligomerization process 
using an alkene feedstock having a water content of from 0.05 to 
0.25 molar%, based on the hydrocarbon content of the feedstock. 
This water-containing feedstock is contacted with a zeolite catalyst 



1 



PAGE 7/43 1 RCVD AT 3/5/2007 3:26:43 PM [Eastern Standard Time] * SVR:USPTO£FXRF-3/13 * DNIS:2738300 * CSID:281 834 7413 * DURATION (mm-ss);10-50 



MAR-05-2007 HON 03:28 PM EXXONMOBIL 



FAX NO. 281 834 7413 



P. 08/43 



PCT/U SO 1/12891 

WO 01/83407 

selected from zeolites of the TON (H-ZSM-22, H-ISI-1, H-Theta-1, 
H-Nu-10, KZ-2), MTT (H-ZSM-23, KZ-1), MPI (H-ZSM-5), MEL (H- 
ZSM-11), MTW (H-ZSM-12) or EUO (EU-1) structure types, H-ZSM- 
57, zeolites of the ferrierite structure family, offretites, H-ZSM-4, H- 
ZSM-18, Zeolite-Beta, faujasites, zeolite L, mordenites, errionites 
and chabazites. Hydration of the feedstock improves the yield of 
oligomerization and extends catalyst life, compared with a process 
using a non-hydrated alkene feedstock. Suitable operating 
temperatures are from 180 to 255°C. 

The examples of WO 93/16020 describe oligomerization of 
propene over H-ZSM-5, H-ZSM-12 and H-ZSM-22 and of n-butene 
over H-ZSM-22. For propene, typical temperatures of 170 to 250 C 'C, 
pressures of 7 MPa and WHSV of 1.19 to 2.40 weight/ weight.hour 
are used. For n-butene, reaction temperatures of 205 to 255°C, 
pressures of 7 MPa and WHSV of 1.75 to 2.40 weight/ weight-hour 
are used. 

These prior published proposals for olefin oligomerization all 
have their advantages and disadvantages, the latter including an 
insufficient ability to control the extent of oligomerization. For 
example, in the oligomerization of propene, the oligomer product 
contains dimers, trimers, tetramers and pentamers. There is 
however an increased commercial need for higher alkene products 
containing a predominant amount of alkenes having from 8 to 12 
carbon atoms, especially nonenes. It would thus be very 
advantageous to have alkene oligomerization processes that are 
highly selective for specific oligomers. 

WO 95/22516 discloses an olefin oligomerization process 
with improved selectivity to certain oligomers. The process is 
carried out over a catalyst comprising at least one molecular sieve 
having a refined constraint index greater than 10 and at least one 
molecular sieve having a refined constraint index within the range 
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of from 2 to 10. Examples of molecular sieves having a refined 
constraint index greater than 10 include ZSM-22, ZSM-23 and 
certain ferrierites. Examples of molecular sieves having a 
constraint index within the range of from 2 to 10 include ZSM-5, 
1 1, 12, 35> 38, 48 and 57, SAPOll, MCM-22 and erionite. 
Oligomerization conditions are: temperature of from 170°C to 300 
°C, preferably from 170 Q C to 260 °C , most preferably from 180°C 
to 260°C , at a pressure in the range of from 5 to 10 MPa, 
preferably 6 to 8 MPa, with an olefin WHSV in the range of 0. 1 to 
20, preferably from 1 to 10, most preferably from 1.5 to 7.5 
weight/weigh.hour. The feed may be hydrated before contacting 
the zeolite. The examples of WO 95/22516 disclose propene 
oligomerization over mixtures of ZSM-22 and ZSM-5 and ZSM-22 
and ZSM-57 at temperatures ranging from 195 to 245°C and 
conversions of 85-95%. Product seleetivities obtained with the 
molecular sieve mixtures are compared with those obtained under 
the same conditions with each individual molecular sieve. The 
results show that molecular sieve mixtures give higher seleetivities 

for nonenes than each molecular sieve taken alone. The best 

reported nonene selectivity is achieved with a 50;5O mixture of 

ZSM-22 and ZSM-5. 

We have now unexpectedly found other alkene 

oligomerization conditions which give an oligomcric product 

containing a high proportion of a certain oligomer species. 

Furthermore, selectivity to certain oligomer types is also achieved 

when the feedstock contains alkenes with different numbers of 

carbon atoms. 

Accordingly, the invention relates to a process for 

oligomerising alkenes having from 3 to 6 carbon atoms which 

comprises contacting a feedstock comprising 

a) one or several alkenes having x carbon atoms, and 
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b) optionally, one or several alkenes having y carbon atoms, 

x and y being different, 
with a catalyst containing a zeolite of the MFS structure type, 
under conditions to obtain selectively an oligomeric product, in 
which 

i) when the feedstock contains only alkenes having x carbon 
atoms, said oligomeric product contains at least 60 wt % of 
oligomers having 2x or 3x carbon atoms, or 

ii) when the feedstock contains alkenes having x carbon 
atoms and alkenes having y carbon atoms, said oligomeric 
product contains a mixture of oligomers containing 
predominant amounts of oligomers having x+y carbon atoms 
and of oligomers having 2x or 3x carbon atoms, 

the percentages by weight being expressed with respect to the 
total weight of alkenes in the feedstock, 

wherein the process is carried out at a temperature of from 125 
to 175°C when the feedstock contains only alkenes with 3 
carbon atoms and from 140 to 240°C, preferably between 140 
and 200*C, when the feedstock comprises at least one alkene 
with 4 or more carbon atoms. 

The invention is based on the selection of a specific 2eolite 
structure type and of a specific reaction temperature range, lower 
than the temperatures typically used for this type of reaction. 
Under these specific conditions high selectivities for certain 
oligomers can be achieved. The selected zeolite has the MFS 
structure type, as defined by the 1ZA structure commission and 
published in "Atlas of Zeolite Structure Types" by W.M. Meier et aL, 
4th revised Ed. Elsevier, London 1996. 

The invention may be described in two specific embodiments. 
In the first embodiment, the alkene-contoining feedstock contains 
one or several alkenes having x carbon atoms. In this case, dimers 
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or trimers form with high conversion and high selectivity. The 
dimers or trimers may account for at least 60wt% of the product, 
based on the alkenes in the feed. For example, propene is 
selectively converted to nonenes, butenes are selectively converted 
to octenes. This may be achieved at temperatures which are lower 
than the temperatures previously reported for these alkenes. 
Despite the lower temperature, very high conversion rates may be 
achieved, together with very high selectivities. One would not 
expect simultaneous increase in selectivity and conversion at lower 
temperatures than those previously reported and typically 
practised. 

In the second embodiment, the feedstock contains at least 
one alkene having x carbon atoms and at least one alkene having y 
carbon atoms, y being different from x. In this case, the process 
yields predominantly a dimer or trimer of the alkene having x 
carbon atoms and a co-oligomer having x+y carbon atoms. For 
example, a feedstock containing a mixture of butenes and pentenes 
may produce predominant amounts of nonenes (co-oligomer having 
x+y carbon atoms) and octenes (butene dimer). A predominant 
amount is defined in the present context as meaning that either 
the ca-oligomers of x+y carbon atoms or the homo-oligomers 
represent at least 25 wt% of the oligomer ic product and that the 
other m^jor oligomer type represents at least 20 wt% of the 
oligomeric product, so that the sum of both predominant oligomers 
represents at least 45 wt%, preferably 50 wt%, and most 
preferably 55 wt% of the oligomeric product, based on the total 
weight of alkenes in the feedstock. As in the first embodiment, 
such selectivity may be achieved at relatively low temperatures and 
at high alkene conversion. Furthermore, selectivity is not affected 
by the alkene isomer ditribution in the feed. 
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In this embodiment, the molar ratio of alkenes with x carbon 
atoms relative to the alkenes with y carbon atoms is preferably 
from 10:90 to 90:10, more preferably from 25:75 to 75:25, most 
preferably from 45:55 to 55:45, 

The alkenes in the feedstock are selected from propene (also 
referred to as propylene) and linear and/or branched alkenes 
having from 4 to 6 carbon atoms. The feedstock may contain a 
single alkene type, mixtures of linear and branched alkenes with 
the same carbon number or mixtures of linear and/ or branched 
alkenes with different carbon numbers. For example, suitable C3 
and C4 olefinic feeds include C4 hydrocarbon mixtures obtained in 
refining, cracking (catalytic cracking or steam cracking) and /or 
reforming of oils, butane-butene fractions obtained by removing 
butadiene from C4 by-product fractions formed in the production 
of ethylene by thermal cracking of oils (such fractions contain 
mixtures of n-butenes and isobutylene having from a few wt % of 
isobutylene up to 30 to 40 wt% isobutene) or C4 hydrocarbon 
mixtures obtained by dehydrogenation of hydrocarbon mixtures 
containing n-butane and isobutane. 

For feedstocks containing C4 alkenes, a particular 
embodiment of the invention relates to processes using a feedstock 
in which isobutylene represents from 12 to 34 wt%, preferably from 
12 to 20 wt% of the total weight of the feedstock. For such 
feedstocks, the process gives an oligomeric product that contains 
from 8 to 25 wt% trimethylpentenes, preferably from 8 to 16 wt% 
trimethylpentenes with respect to the total weight of octenes in the 
oligomeric product. 

Such processes enable to obtain octene compositions in 
which the amount of octene oligomers with tetra-substituted 
double bonds represents between 10 and 15 mole % of the total 
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amount of octene oligomers. Also, the average branchiness of the 
octenes ranges from 1.60 to 1,85. These octene composition 
characteristics are associated with improved reactivity when the 
octene compositions are submitted to hydroformylation. 

The feedstock may also comprise from 0,05 to 0.2 S molar % 
water, more preferably from 0.06 to 0.20 molar % water, most 
preferably from 0.10 to 0.20 molar % water based on the total 
hydrocarbon content of the feedstock. If necessary, the water 
content of the feedstock may be increased by any suitable means. 
For example, the feedstock can be passed through a thermostatted 
water saturator. Since the amount of water required to saturate 
the alkene feedstock will depend upon the temperature and 
composition of the feedstock, control of the water content can then 
be effected by appropriate control of the temperature of the 
feedstock. 

The feedstock may also comprise an inert diluent. If the 
diluent is a hydrocarbon gas other than an alkene having from 3 to 
6 carbon atoms, such as, for example, a saturated hydrocarbon 
gas, that other hydrocarbon is to be included in the hydrocarbon 
content for the purposes of calculation of the water content. The 
feedstock may also comprise ethylene and/or alkenes having 7 or 
more carbon atoms. In this case, the other alkenes are also to be 
included in the hydrocarbon content for the purposes of 
calculation of the water content. 

The catalyst contains a zeolite of the MPS structure type, 
such as ZSM-57 as disclosed in EP-B-174121, US 4,873,067 and 
US 4,973,781 herewith incorporated byway of reference. Zeolite 
catalysts having crystal structures that are essentially the same as 
the MFS crystal structure but differ slightly therefrom in chemical 
composition may also be used, such as, zeolite catalysts obtained 
by removal of a number of aluminium atoms from, or by steaming 
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of the zeolite, or zeolite catalyst obtained by addition of different 
elements, for example, by impregnation or cation exchange or by 
incorporation during the zeolite synthesis. 

ZSM-57 crystals may be prepared by any suitable method, 
for example, by heating a reaction mixture containing a source of 
silicon oxide and a source of aluminium oxide. The crystals are 
then generally calcined in air or oxygen at a temperature exceeding 
500°C, for example, at a temperature of 510 or 550°C for, for 
example, 10 to 20 hours. The calcined material is preferably 
exchanged with ammonium ions (NH4 4 ") and subjected to 
conditions under which the ammonium ions decompose, with the 
formation of ammonia and a proton, thus producing the acid form 
of ZSM-57, The zeolite may be fully protonated, i.e. substantially 
all acid sites are in proton form. Alternatively, the zeolite may be 
partially protonated. The acid form may also be obtained by acid 
exchange with, for example, hydrochloric acid. 

A modified ZSM-57 may also be used. The term "modified* 
means ZSM-57 formed by a method in which an organic substance 
(organic promoter or template) is used to promote formation of 
aluroinosilicate crystals {zeolite precursor crystals) having the 
desired MFS structure type. The uncalcined zeolite precursor 
crystals are exchanged with ammonium ions or protons, and the 
crystals are then calcined under conditions such that a portion of 
the organic promoter or of a decomposition, product derived 
therefrom remains within the pores of the crystal. 

Reference is made to the following documents disclosing the 
preparation of ZSM-57 or modified ZSM-57 containing catalyst: US 
4,873,067, US 4,973,781, EP-B1-174,121, EP-A-625132 as well as 
Ernst and Weitkamp in "Zeolite ZSM-57: Synthesis, 
Characterization and Shape Selective properties", in "Catalysis and 
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Adsorption Zeolites", Ed. G. Ohlmann et al M Elsevier Science 
Publishers, B.V. Amsterdam, all incorporated by way of reference. 

The zeolite crystals may in some cases contain a minor 
proportion of another crystalline material, such as another zeolite 
structure type or quartz. The zeolite of MFS structure type may be 
used in the form of powders (including powders consisting wholly 
or in part of single crystals). The zeolite crystals may instead be 
incorporated in shaped agglomerates, for example, tablets, 
extrudates or spheres, which may be obtained by combining the 
zeolite with a binder material that is substantially inert under the 
conditions employed in the oligomerization process. The zeolite 
catalyst may be present in amount of from 1 to 99% by weight, 
based on the combined weight of the zeolite and binder material. 
As binder material, any suitable material may be used, for 
example, silica, metal oxides, or clays, such as montmorillonite, 
bentonite and kaolin clays, the clays optionally being calcined or 
modified chemically prior to use. Further examples of suitable 
matrix materials include silica-alumina, silica-berylia, silica- 
magnesia, silica-thoria, silica-titania, silica-alumina-magnesia, 
silica-alumina-thoria, siUca-alumina-zirconia and silica-magnesia- 
zirconia. The MFS zeolite crystals may also be bound with another 
zeolite as disclosed for example in US 5,993,642, US 6,039,864, 
EP-B-568,566, EP-B-793,634 and EP-B-808,298, all incorporated 
herewith by way of reference. 

The alkene-containing feedstock is contacted with the 
catalyst containing a zeolite of the MFS group as defined above at a 
specific temperature which depends on the alkenes present in the 
feedstock. If the feedstock only contains propene (propylene), the 
reactor temperature is between 125 and 175°C, preferably between 
125 and 150°C. When the feedstock contains at least one alkene 
having 4 to 6 carbon atoms, the reactor temperature is between 
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140 and 240°C, preferably between 140 and 200*C, most 
preferably between 140 and 175°C, 

The pressure is preferably in the range of from 5 to 10 MPa, 
more preferably from 6 to 8 MPa and at an alkene weight hourly 
space velocity preferably in the range of from 0.1 to 20, more 
preferably from 1 to 10> and most preferably from 1, 1 to 7.5 
weight/ weight . hour. 

A desired conversion level is generally obtained by first 
selecting a reaction temperature and by regularly adjusting this 
reaction temperature to compensate for catalyst deactivation over 
time. The process of the invention is highly selective at conversion 
rates as high as 95wt%, typically comprised between 65 and 
95wt%, preferably comprised between 85 and 95wt%, 

The process gives a product containing an oligomeric product 
which can be further transformed by any one or more of the 
following steps: fractionation, hydrogenation, hydroformylation, 
oxidation, carbonylation, etherification, eposddation, hydration. 
Accordingly, the present invention also concerns higher alcohols 
obtained by hydroformylation and hydrogenation of the oligomeric 
product. It also encompasses a process for the preparation of an 
ester of a polycarboxylic acid in which the higher alcohols derived 
from the oligomeric product are reacted with a polycraboxylic acid 
under conditions suitable to make the polycarboxylic esters. 
Preferred esters are phthalic or adipic esters. 

Certain illustrative embodiments of the invention will now be 
described with reference to the following drawings: 

- Figure 1: selectivity versus conversion for propylene 
oligomerization; 

- Figure 2: selectivity versus conversion for n-butene 
oligomerization; 
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- Figure 3: selectivity versus conversion for oligomerization of 



a feedstock containing butenes and pentenes. 

In the following examples, conversion and selectivity are 
calculated according to the method disclosed in "lndustrielle 
Organische Chemie", K. Weissermel and H,-J. Harpe, 3rd Edition, 
VCH, 1988, 

Accordingly, the conversion was calculated based upon gas 
chromatographic peak areas, using as internal standard the total 
sum of the paraffins in the feed, using the following equation: 



The selectivity is determined from gas chromatographic peak 
areas, after hydrogenation of the reaction product stream 
according to the following equation: 




where 



A - chromatographic peak area in product 
analysis (wt%) 

A° ~ chromatographic peak area in feed analysis 
(wt%). 



S Cn = 



Acn 



where 



Acji = chromatographic peak area of all isomers 
with carbon number n, and 

Aci = chromatographic peak area of all isomers 



with carbon number other than n. 
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Example 1 - Preparation of H-ZSM-57 crystals. 

Composition A, containing 150.02 g Ludox HS40 (a colloidal 
silica solution from Dupont sold as 40 wt% Si02 in water) and 
400.2 1 g dernineralized water, was mixed in the Weaker of a 
household mixer. Solution C, containing 43.3 g of N 9 N,N,N',N', N'- 
hexaethylpentanediammonium bromide (also known as Hexaethyl- 
Diquat-5 (bromide salt) and hereinafter abbreviated R) and 97.36 g 
demineralized water, was added with 11.53 g of rinse water to 
solution A. The resulting mixture was mixed at room temperature 
for 5 minutes. Composition B, containing 11.14 Al2(SC>4)3.18 H2O, 
16.25 g NaOH (Baker 98.6 wt%) and 99.97 g deminerali2ed water, 
was than added with 12. 10 g rinse water. The resulting mixture 
was mixed for an additional 5 minutes, giving a gel with the molar 
composition 2 Na2O/R/0.17 AI2O3/IO S1O2/4OO H 2 0. 

537 g of the gel was transferred to a 1 liter stainless steal 
autoclave equipped with a stirrer. The autoclave was heated to 
160 Q C over a period of 6 hours while the mixture was stirred at 120 
rprn. Heating at 160*C and stirring were continued for 144 hours 
(6 days>. 

The content of the autoclave was transferred to a 1 liter 
centrifuge bottle and was washed by decanting the supernatant 
and re-dispersing the precipitate in demineralized water. This was 
repeated until the pH of the supernatant was 10.5. The washed 
product was dried overnight at 120 e C. This resulted in pure H- 
ZSM-57 crystals having a Si02/Al203 molar ratio of 41. 

Example 2 - Propylene oligomerization. 

H-ZSM-57 crystals synthesized as described in Example 1 
were calcined in air for 16h at 510°C, exchanged with a NH4CI 
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aqueous solution and calcined again at 510°C for 16 h in air. The 
crystals were then granulated by compressing into particles having 
a size of 1.1-2 mm. 

A feedstock containing, on a hydrocarbon basis 50 wt% 
propylene, 40 wt% n-butane and 10 wt% iso-butane was hydrated 
by passing it at a temperature comprised between 25 and 40°C, 
through a thermostatted water saturator prior to its introduction 
into the reactor. The water content of the feedstock prior to its 
introduction into the water saturator was ca 0.02 molar % and on 
leaving the saturator was ca 0.10 to 0.15 molar % (depending on 
the exact hydration temperature), in each case based on the total 
hydrocarbon content of the feedstock. The hydrated feedstock was 
then passed over the catalyst particles. The reactor effluent was 
analyzed at regular intervals by gas chromatography (GC) for 
determining the olefin conversion and product selectivity. The 
reactor was operated continuously for 88 days. Initially, the 
reactor temperature was set at 125°C; it was progressively 
increased up to 172°C to maintain alkene conversion above 
80wt%. The reactor pressure was maintained at 7 MPa. 

Table la shows representative operating conditions and 
product analyses. Figure 1 shows the selectivity for hexenes, 
nonenes and dodecenes as a function of propylene conversion 
throughout reactor operation. These results demonstrate high 
selectivity for the production of nonenes. Propylene conversions of 
83 to 95wt% were achieved at temperatures ranging from 135 to 
170°C. 

The composition of the product mixture was determined by 
gas chromatography (GC), using hydrogen as carrier gas. The 
injector liner was filled with a hydrogenation catalyst (0.03 g of 
0.5% Pt on AI2O3) so that, by in-situ hydrogenation, all the 
components were identified as paraffins. Overall, the nonenes 
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consisted of 9,47 wt% of triple-branched isomers, 84.53 wt% of 
double-branched isomers, 5.58 wt% of mono-branched isomers 
and 0.42 wt% linear isomers. Overall, the nonene products thus 
had an average branchiness of 2.03. Table lb provides the detailed 
product composition of the Cg alkene products after 

hydrogenation. 

The conversion of propylene was determined by GC analysis 
without in- situ hydrogenation, by comparing the OC analysis of the 
product mixture with the GC analysis of the feedstock under the 
same conditions. The feedstock contains butane and isobutane 
which are inert under the reaction conditions; butane and 
isobutane were thus used as internal standards for calculating 
conversions. 
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Table la : Propylene oligomcrifcation. 



Sample Number 


1 


II 


III 


IV 


V VI 


VII 


vm 


Hydration Temperature (*C) 


27 


29 


26 


40 


40 


40 


40 


40 


Reactor Temperature (°C) 


135 


140 


150 


155 


160 


165 


170 


170 


WHSV (wt/wt.hr) 


1.81 


1.94 


2.13 


2.7 


3.25 


2.22 


2.36 


2.89 


No. of days on stream 


1.3 


8.9 


9.9 


41.9 


51.9 


56.9 


73.9 


83.9 


Total conversion (wt%) 


92.75 


87.23 


95.14 


87.38 


84.06 


92.17 


93.98 


91.39 


C5 selectivity (wt%) 


0.11 


0.08 


0.1 


0.1 


0.17 


0.15 


0.12 


0.15 


C6 selectivity (wt%) 


3.24 


6.53 


1.92 


5.73 


9.16 


5.03 


4.0B 


4.95 


C7 selectivity (wt%) 


1-14 


1 


1.57 


1.41 


1.83 


1.99 


1.96 


1.93 


C8 selectivity (wt%) 


1.71 


1.32 


2.45 


1.89 


2.18 


2.58 


2.75 


2.63 


C9 selectivity (wt%) 


71.96 


72.78 


65.29 


72,64 


70.98 


71.5 


72.75 


71.3 


C10-C11 selectivity (wt%) 


1.5 


0.73 


1.93 


1.05 


1;24 


1.57 


1.62 


1.47 


CI 2 selectivity (wt%) 


15.63 


11.62 


17.29 


11.45 


10.45 


12.34 


12.84 


12.32 


CI 5+ selectivity (wt%) 


4.55 


5.81 


9.22 


5.58 


3.82 


4.69 


3.72 


5.07 


Cracking (wt%) * 


4.63 


3.26 


6.28 


4.61 


5.59 


6.44 


6.62 


6.36 



* cracking: sum of C5, C7, C8, C10-C11 selectivities 
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Table J b : Propylene oligomerization - Nonene oligomer identification after 
hydrogenation 



Nonene oligomer 


Wt% 


2 ,2,5-trime thylhexane 


0.49 


2 ,2,4- trim ethylhexane 


0.41 


2,3,5-trimethylhexane 


2.56 


2,2-dimcthylheptane 


2.37 


2,4-dimethylheptane 


10.60 


2-methyl-4-ethylhexane 


1.65 


2 ,6-dimethylheptane 


1.22 


2,5-dimethyIheptane 


6.32 


3,5-dimethylheptane 


3.75 


2 ,4-dimethyl-3-ethylpentanfr 


3.58 


2 , 3, 3-trimethylhexane 


Not detected 


2-methyl-3-ethylhexane 


8.54 


2 , 3 ,4-trimethylhexane 


Not detected 


3,3,4- trimethylhexane 


2.43 


2 , 3 -dimethy lheptane 


19.99 


3,4-dimethylhcptane 


30.10 


4-methyloctane 


1.44 


2-methyloctane 


0.15 


3-ethylheptane 


0.57 


3-methyloctane 


3.42 


n-nonane 


0.42 



rtvttrnplft 3 - Butene oligomerization. 

A feedstock containing, based on hydrocarbon content, 49.5 
wt % propane and 50.5 wt % butene- 1, having an initial water 
content of ca 0,02 molar % based upon the hydrocarbon content, 
was hydrated a temperature of 25 to 40°C as described in Example 
2, to give a hydrated feedstock containing 0.1 to 0.15 molar % 
water. This hydrated feedstock was passed over H-ZSM-57 
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prepared as in Example 1 and calcined at 510*C and granulated as 
in Example 2. The product was analyzed by GC at regular 
intervals for determining olefin conversion and product selectivity. 
The reactor was operated continuously for 43 days. Initially, the 
reactor temperature was set at 125°C; it was progressively 
increased up to 240°C to maintain alkene conversion above 
70wt%. The reactor pressure was maintained at 7 MPa. 

Table 2a shows representative operating conditions and 
product analyses. Figure 2 shows the selectivity for octenes and 
dodccenes as a function of butene conversion throughout reactor 
operation. These results demonstrate high selectivity for the 
production of octenes. 

The composition of the product mixture was determined by 
gas chromatography (GC), using hydrogen as carrier gas. The 
injector liner was filled with a hydrogenation catalyst (0.03 g of 
0.5% Pt on AI2O3) so that, by in-situ hydrogenation, all the 
components were identified as paraffins , The C5 alkene products 
contained 1.58 wt% of triple-branched isomers, 71.44 wt% of 
double-branched isomers, 25-46 wt% of mono-branched isomers 
and 1.52 wt% linear isomers. Overall, the octene products had an 
average branchiness of 1.73. Table 2b provides the detailed 
product composition of the Cq alkene products after 

hydrogenation. 

The conversion of butene- 1 was determined by comparing 
the GC analysis of the product mixture with the GC analysis of the 
feedstock under the same conditions and is thus used as an 
internal standard. 

Proton NMR analysis was used to identify the olefin type of 
the octene (Cg oligomers} and dodecene (C12 oligomers} fractions of 
the product. The olefin type is defined as follows : 
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- Type I : mono-substituted double bond: R-CH-CH2 

- Type II ; di-substitUted double bond: R-CH=CH-R* 

- Type III : di-substituted double bond: RR'OCH2 

- Type IV : tri-substituted double bond: RR'OCH-R" 

- Type V : tetra-substituted double bond: RR'C=CR"R ,f » 
where R, R', R H and R ,n each represent an alkyl group. 

The octene fraction of the product contained 1.4 mole % Type 
I, 15.8 mole % Type II, 10.7 mole % Type III, 60.9 mole % Type IV 
and 1 1.2 mole % Type V products. The dodecene fraction of the 
product contained 1.0 mole % Type I, 1 1.8 mole % Type II, 6.6 mole 
% Type III, 53 mole % Type IV and 27.6 mole % Type V products. 

The average branchiness of the dodecene fraction of the 
product was 2.8 as determined by NMR. 
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Table 2 b : Butene oligomerization - Octene oligomer identification 
after hydrogenation. 



Octene oligomer 


Wt % 


2,2,4-trimethylpentane 


0.16 


2 ,2 -dimethy lhexane 


3.52 


2,5-dimethylhexane 


5.08 


2,4-dimethylhexane 


29.64 


2 ,2 ,3- trimethylpentane 


• 


3,3-dimethylhexane 


1.92 


2 F 3 , 4 - trimethylpentane 


1.23 


2,3, 3-trimethylpentane 


0.19 


2 , 3-dimethylhexane 


13.77 


2-methyl-3-ethylpentane 


3.59 


2-methylheptane 


7.17 


4-methylheptane 


4.50 


3,4 -dimethylhexane 


13.93 


3-methylheptane 


13.79 


n- octane 


1.52 


Total 


100 



* Overlaps with 2,4-dimethylpentane 



Example 4 - Oligomerization of feedstocks containing butenes and 
pentenes. 

In this example, a feedstock containing butene s and 
10 pentenes was used. The feedstock was hydrated before entering 
the reactor as described in Example 2, the temperature of 
hydration being comprised between 33 and 40°C. The hydrated 
feedstock was passed over H-ZSM-57 prepared as described in 



20 



PAGE 26/43 1 RCVDAT 3/5/2007 3:26:43 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-3/13 * DNIS:2738300 * CSID:281 834 7413 * DURATION (mm-ss):10-50 



HAR-05-2007 HON 03:32 PH EXXONMOBIL 



FAX NO. 281 834 7413 



P. 27/43 



WO 01/83407 PCT/US01/12891 

Example 1 and calcined at 550°C and granulated as described in 
Example 2. 

The three feedstocks identified in Table 3a were used during 
this experiment. Throughout the experiment, the reactor pressure 

5 was maintained at 7 MPa. The reactor effluent was analyzed at 
regular intervals by GC. The reaction temperature was initially 
202°C and was raised progressively to 234°C to maintain alkene 
conversion above 65 wt%. 

Table 3b shows representative operating conditions and 

10 product analyses. Figure 3 shows the selectivity for hexenes, 
octenes, nonenes and dodecenes as a function of butene and 
pentene conversion throughout reactor operation. These results 
demonstrate high selectivity for the production of octenes and 
nonenes, regardless of the type of pentene isomer present in the 

15 feedstock. 
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Table 3a - Feedstock compositions. 



Component (wt%) 


Feedstock A 


Feedstock B 


Feedstock C 


Isp-butane 


8.27 


9.60 


10.51 


n-butanc 


S.28 


5.79 


5.45 


Butene- 1 


9.85 


11.38 


10.25 


Iso-butene 


0.80 


0.90 


0.88 


1,3-Butadiene 


016 


0.17 


0.16 


Butene* 2 trans 


10.37 


10.44 


10.13 


Butene- 2 cis 


6.98 


6.89 


6.61 


Iso-pcntane 


18.29 


17.54 


17.71 


n-Pentane 


2.32 


2.12 


2.22 


3-Methyl-butene- 1 


0.63 


0.66 


0.83 


Pentene-2 trana 


6.20 


5.56 


5.73 


2-Methyl-butcne-2 


0 


24.35 


11.25 


Pentene-1 


28.81 


0.06 


14.21 


2-Methyl-butene- 1 


0.28 


1.83 


1.85 


Pentene-2 cis 


2.27 


2.03 


2.17 


Total butenes 


28.00 


29.61 


27.87 


Total pentenes 


38.19 


34.49 


36.04 


Total iso-pentenes 


0.28 


26.84 


13.93 


| Total n-pentenes 


37,28 


7.65 


! 22.11 
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Example _5 - Oligomerization of C4 feedstocks containing a mixture 

of linear and branched butenes. 

In this example, C4 feedstocks containing a mixture of n- 

butenes and isobutylene were used. The feedstocks were hydrated 
S before entering the reactor as described in Example 2, the 

temperature of hydration being comprised between 33 and 40°C. 

The hydrated feedstocks were passed over the catalyst. In this 

example, the catalyst used consisted of H-ZSM-57, prepared as 

described in Example 1 which had been formulated and extruded 
10 as catalyst particles. The catalyst particles were calcined at S10°C 

before use. 

The six feedstocks identified in Table 4 were used during this 
experiment. Throughout the experiment, the reactor pressure was 
maintained at 7 MPa. The reactor effluent was analyzed at regular 

15 intervals by GC. The reaction temperature was initially 175*C and 
was adjusted to maintain a total alkene conversion above 95 %. 

The composition of the product mixture was determined by 
gas chromatography (GC), using hydrogen as carrier gas. The 
injector liner was filled with a hydrogenation catalyst (0.03 g of 

20 0.5% Pt on AI2O3) so that, by in-situ hydrogenation, all the 
components were identified as paraffins. 

The conversion of butenes /isobutene was determined by 
comparing the GC analysis of the product mixture with the GC 
analysis of the feedstock under the same conditions. The feedstock 

25 contains butane and isobutane which are inert under the reaction 
conditions; butane and isobutane were thus used as internal 
standards for calculating conversions. 

Table 4 shows the conversions of n-butenes and isobutylene, 
the selectivity for octenes trimethylpentenes and the weight of 

30 trimethylpentene expressed as a percentage of the total weight of 
all oligomers formed (oligomeric product). 
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We claim: 

1 , A process for oligomerising alkenes having from 3 to 6 carbon 
5 atoms which comprises contacting a feedstock comprising 

a) one or several alkenes having x carbon atoms, and 

b) optionally, one or several alkenes having y carbon atoms, 
x and y being different, 

with a catalyst containing a zeolite of the MFS structure type, 
10 under conditions to obtain selectively an oligomeric product, in 
which 

i) when the feedstock contains only alkenes having x carbon 
atoms, said oligomeric product contains at least 60 wt % of 
oligomers having 2x or 3x carbon atoms, or 

15 ii) when the feedstock contains alkenes having x carbon 

atoms and alkenes having y carbon atoms, said oligomeric 
product contains a mixture of oligomers containing 
predominant amounts of oligomers having x+y carbon atoms 
and of oligomers having 2x or 3x carbon atoms, 

20 the percentages by weight being expressed with respect to the 
total weight of alkenes in the feedstock, 

wherein the process is carried out at a temperature of from 125 
to 17S°C when the feedstock contains only alkenes with 3 
carbon atoms and of from 140 to 240 D C, preferably between 140 
25 and 200°C, when the feedstock comprises at least one alkene 
with 4 or more carbon atoms. 

2. A process according to claim 1, characterized in that the total 
amount of oligomers having x+y carbon atoms and of oligomers 
30 having 2x or 3x carbon atoms represents at least 45 wt%, 

preferably 50 wt%, and most preferably 55 wt% of the 
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oiigoroeric product, based on the total weight of alkenes in the 
feedstock. 

3. A process according to any of the preceding claims, 
5 characterized in that the feedstock further comprises from 0.05 
to 0.25 mol % water, preferably from 0.06 to 0.20 mol % water, 
most preferably from 0. 10 to 0.20 mol % water based on the 
total hydrocarbon content of the feedstock. 

10 4. A process according to any of the preceding claim, characterized 
in that the zeolite is a ZSM-57 in proton form. 

5. A process according to any of the preceding claims, 
characterized in that the pressure is from 5 to 10 MPa, 

15 preferably from 6 to 8 MPa. 

6. A process according to any of the preceding claims, 
characterized in that the weight hourly space velocity (WHSV) is 
from 0.1 to 20, preferably from 1 to 10, most preferebly from 1-1 

20 to 7.5 wt/ wt.hr. 

7. A process according to any of the preceding claims, 
characterized in that alkene conversion is from 65 to 95 wt %, 
preferably from 85 to 95 wt %, based on the total weight of 

25 alkene in the feedstock. 

8. A process according to any of the preceding claims, 
characterized in that the molar ratio of alkenes having x carbon 
atoms relative to alkenes having y carbon atoms is from 10:90 

30 to 90:10, preferably from 25:75 to 75:25, most preferably from 
45:55 to 55:45. 
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9. A process according to any of the preceding claims, 
characterized in that the alkenes are selected from propene, 
butenes or a mixture of butenes and pentenes. 

5 

10. A process according to any of the preceding claims, 
characterized in that the feedstock comprises a mixture of linear 
and branched alkenes of the same carbon number. 

10 11. A process according to claim 10, characterized in that the 

feedstock comprises a mixture of linear and branched butenes. 

12. A process according to claim 1 1 , characterized in that 
isobutylene represents from 12 to 34 wt%, preferably from 12 to 

15 20 wt% of the total weight of the feedstock. 

13. A process according to claim 12, characterized in that the 
oligomeric product contains from 8 to 25 wt% 

trim e thy lpentenes , preferably from 8 to 16 wt% 
20 trimethylpentenes with respect to the total weight of octenes 

present in the oligomeric product. 

14. An octene composition wherein the octene oligomers with 
tetra-substituted double bonds represents between 10 and IS 

25 mole % of the total amount of octene oligomers. 

15. An octene composition according to claim 14, characterized 
in that the average branchiness of the octene oligomers is 
between 1.60 and 1.85. 

30 
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16. A process according to claims 1 to 13, characterized in that 
the oligomeric product is further submitted to any one or more 
of the following steps: fractionation, hydrogenation, 
hydroformylation, oxidation, carbonylation, etherification, 



17. A higher alcohol obtained by hydroformylation and 
hydrogenation of the oligomeric product obtained by the process 
of any of claims 1 to 13. 

10 

18. A process for the preparation of an ester of a polycarboxylic 
acid in which the higher alcohol of claim 17 is reacted with a 
polycarboxylic acid under conditions suitable to make a 
polycarboxylic ester. 
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Box I Obaflivatipna where certain claims wore found unsearchable- (Continuation of hem 1 of first sbtet) 



This International Search Report has not oeen estobtshed In respect of certain claims under Article I7(2)(a) tor the t diaurtng reasons: 
1 I I damns hies.; 

1 — 1 boeauBe may relate to su&Jeel matter not required to bo searched, by this Authority, namary: 



2 m cunmsNos_. 14-I5(1n part ) ,16(completely ) 

1 — 1 because they rotate to parte of the intomaflorau Application that do not comply witn the Drascnbed requirements to such 
an extent that no meaningful international Search can be earned out, specifically; 

see FURTHER INFORMATION Sheet PCT/ISA/Z10 

3 ' D bocausa they ore aapondent claims and are not drattad in accordance with the second and third sentences of Rule 6.4(a). 



dm n 



Observations where unity Of invention is lacking (Continuation of Item 2 Of first shoot) 



Thle international Searcninp Authority found multipla Inventions m this taitomational application, as tottaws-. 

see additional sheet 



1 | — 1 ab all required additional search fees were timely paid by the applicant, this International Search Report covers aD 
I — 1 search 



searchable cwums. 



2. I I As oil coarchabte claims cotsd be searched without effort justifying an additional fas. this Authortty old not Invite payment 
1 — 1 or any additional fee. 



a. m Aaony somo of ma nxaJrcd additional search teas woro timely paid by ma applicant, mis international 
LXJ covers only those claims tor wnicn fees were paid, specifically claims Noa.: 

1-16 



4 I I Mo required adottioeaJ search laes were timely paid by the applicant. ConseQuendy. this International Search Report Is 
" 1 — } restricted to ma invention first mentioned In the dairns; It Is covered by claims Nos.: 



Ramer* on Protest | [ The addtttonol search leas ware accornpanlad by the applicant's protest. 

pX^[ No protest accompanied the payment of additional e 



I search lees. 



Form PCT/1&/V21Q (continuation of first sheet (1)) (July 1993) 
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FURTHER INFORMATION CONTINUED FROM PCt/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this International application, as follows: 

1. Claims: 1-13.16 

A process for ol igomeri sing alkenes in presence of a 
catalyst containing a MFS zeolite and the use of the 
obtained ollgomerisate 

2. Claims: 14,15 

An octene composition 

3. Claim : 17 

A higher alcohol 

4. Claim : 18 

A process for preparing esters 
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Continuation of Box 1*2 

Claims Nos.: 14-I5(1n part) ,16( completely) 



1. Present claim 16 relates to an extremely large number of possible 
methods. Support within the meaning of Article 6 PCT and/or disclosure 
within the meaning of Article 5 PCT 1s to be found, however, for only a 
very small proportion of the methods claimed. In the present case, the 
claims so lack support, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope 1s impossible. 
Consequently, no search has been carried out as no parts of the said 
claim appear to be supported and disclosed, 

2. Present claims 14 and 15 relate to an extremely large number of 
possible compositions. Support within the meaning of Article 6 PCT and/or 
disclosure within the meaning of Article 5 PCT is to be found, however, 
for only a very small proportion of the compositions claimed. In the 
present case, the claims so lack support, and the application so lacks 
disclosure, that a meaningful search over the whole of the claimed scope 
1s impossible. Consequently, the search has been carried out for those 
parts of the claims which appear to be supported and disclosed, namely 
those parts relating to the compositions obtained by the process of 

cl aiml. 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to Inventions In respect of which no International 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting a* an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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